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Abstract Although population aging is a global
worldwide phenomenon, it is most pronounced in
European Union countries. An unhealthy ageing pop-
ulation not only places a heavy burden on healthcare,
but also hinders sustainable socio-economic devel-
opment. Supporting healthy aging can be achieved
through evidence-based strategies aimed at reducing
avoidable mortality and interventions that promote
these strategies. Our study is based on a secondary
analysis of Eurostat data for 2022 to describe the
extent and structure of avoidable (divided to prevent-
able and treatable) mortality stratified by sex for each
EU country. Cluster analyses based on avoidable
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mortality indicators (preventable mortality rate, treat-
able mortality rate, preventable-to-treatable mortal-
ity ratio, and male-to-female avoidable mortality rate
ratio) and the cause-specific composition of avoidable
mortality were used to highlight similarities and dif-
ferences between countries. Classification based on
the available mortality indicators revealed regional
patterns. Western and Northern EU countries were
predominantly in Cluster 1 which had the lowest
preventable and treatable mortality rates, as well as
relatively balanced sex ratios. However, these coun-
tries had a higher preventable-to-treatable mortality
ratio indicating potential delays or gaps in preventive
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services. Mediterranean EU countries were in Cluster
2 showing moderate values for the avoidable mortal-
ity indicators and relatively low preventable-to-treat-
able mortality ratios. However, the male-to-female
mortality ratio was high, indicating significant sex
disparities. Central and Eastern-European EU coun-
tries were in Cluster 3 which had the highest burden
of both preventable and treatable mortality. The pre-
ventable-to-treatable mortality ratio was lower than in
Cluster 1, and the male-to-female mortality ratio was
the highest in this cluster. Cluster analysis based on
the cause-specific composition of avoidable mortal-
ity also identified three clusters with leading mortal-
ity causes as (1) cardiovascular diseases mainly in
Clusters 2 and 3 countries; (2) cancer dominantly for
Cluster 1 countries; and (3) high proportions of car-
diovascular and alcohol-related mortality in mainly
Cluster 3 countries. The clusters do not align per-
fectly (Adjusted Rand Index=0.240, Normalized
Mutual Information=0.337), the two approaches
complement each other. The first approach identified
countries with similar levels and patterns in terms of
preventable and treatable types of avoidable mortal-
ity, while the second approach highlighted similari-
ties in the composition of health threats. Combining
the two approaches offers a more detailed understand-
ing of regional health profiles within the European
Union, and enables the development of targeted inter-
ventions to reduce avoidable mortality and promote
healthy aging.

Keywords Avoidable mortality - Preventable
mortality - Treatable mortality - Aging - Cluster
analysis - Public health

Introduction

Europe’s population is aging rapidly [1] due to
declining fertility rates and rising life expectancy. In
2022, over 20% of EU-27 residents were aged 65 or
older, up from 16% in 2000, and this share is pro-
jected to reach nearly 30% by 2050 [2]. Although life
expectancy continues to rise, healthy life years have
not increased at the same rate [3]. Between 2000 and
2022, life expectancy increased by nearly 8.2 years
(from around 72.4 years in 2000 to 80.6 years in
2022), but healthy life expectancy saw a more modest
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increase, rising by approximately 4.5 years (from 58.1
years in 2000 to 62.6 years in 2022) [4].

Parallel, the prevalence of age-related diseases [5]
such as cardiovascular morbidities, cancer, and diabe-
tes mellitus continues to rise leaving many individu-
als in poor health in a significant portion of their later
years. Diseases of the circulatory system accounted
for 32.7% deaths in the EU, followed by cancer
(22.3%) and respiratory diseases in 2022 [6]. As a
result, aging societies face growing demands for both
preventive and curative health services, along with
escalating healthcare costs [7]. Understanding how to
extend not just lifespan, but healthspan, is therefore
a key priority from both a public health and an eco-
nomic point of view [8].

Avoidable mortality remains a critical indicator of
health system performance and public health effec-
tiveness [9]. Defined as deaths that could have been
prevented through effective public health interven-
tions or treated with timely and high-quality health-
care [10], avoidable mortality reflects both popula-
tion-level risk exposure and the capacity of health
services to detect diseases early and provide effective
treatment. These categories (preventable and treat-
able mortality) offer complementary perspectives on
where interventions can most effectively reduce pre-
mature deaths.

The present paper is particularly pressing in the
context of Europe’s aging population [11]. In many
countries, the burden of chronic diseases and associ-
ated healthcare costs is growing [12]. Furthermore,
individuals who die prematurely from avoidable
causes may never reach older age, thereby undermin-
ing efforts to promote healthy aging [13, 14].

Although countries within the EU operate under
shared policy goals, yet show significant variation in
mortality outcomes, healthcare investment, and effec-
tiveness of public health interventions [15—17]. There
is an eight-year life expectancy gap between countries
with the highest and lowest life expectancies [2]. Fur-
thermore, despite the fact that avoidable cardiovas-
cular mortality has declined by more than 50% since
the mid-1990s, improvement has been uneven across
diseases, demographic groups, and regions [13].
Socioeconomic inequalities in education, income, and
healthcare access further shape these patterns [18].

Analyzing avoidable mortality serves two pur-
poses. Firstly, it highlights the gaps in the preven-
tion and treatment of diseases that can be cured if
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diagnosed and treated in time. Secondly, it identifies
the systemic weaknesses that could hinder future
health improvements, especially in aging populations.
Despite extensive reporting on preventable and treata-
ble mortality, no EU-wide analysis has yet integrated
both the overall levels and the cause-specific compo-
sition of avoidable deaths using the harmonized, post-
pandemic 2022 Eurostat dataset. It remains unknown
whether countries that appear similar in their bal-
ance of preventable and treatable mortality also
share the same dominant causes of avoidable death,
or whether different underlying threats drive similar
aggregate outcomes. Identifying patterns and clusters
of countries with similar avoidable mortality pro-
files can inform more effective, tailored health policy
responses.

The aim of this study is to examine avoidable
mortality in EU countries using the most recent
Eurostat data. Two cluster analyses were conducted
to explore distinct patterns in (1) overall levels and
ratios of preventable and treatable mortality, and (2)
the cause-specific composition of avoidable deaths.
The year 2022 offers a particularly relevant snapshot,
as it reflects the post-pandemic recovery of health
systems and the lingering effects of service disrup-
tions, delayed diagnoses, and exacerbated inequalities
[19-22]. The findings could inform future strategies
aimed at reducing avoidable deaths and promoting
healthy aging across Europe [23].

Methods
Data source

This study is a secondary analysis on publicly avail-
able data retrieved from the Eurostat online database
(https://ec.europa.eu/eurostat) on avoidable mortality
in the European Union (EU) for the year 2022 [24].
The dataset includes information reported by national
statistical offices and harmonized by Eurostat in
accordance with international standards. Data were
downloaded in May 2025, and no additional data
cleaning, or transformation was performed.

Definition of avoidable mortality

The concept of avoidable mortality used in this report
follows Eurostat’s operational classification, which

distinguishes: (1) Preventable deaths: those that could
have been avoided through effective public health and
primary prevention strategies; (2) Treatable (ame-
nable) deaths: those that could have been avoided
through timely and appropriate healthcare interven-
tions; (3) Total avoidable mortality: the combination
of preventable and treatable deaths. Causes of death
were classified based on the OECD/Eurostat list of
avoidable mortality, which uses ICD-10 codes to
identify relevant conditions. In cases where there was
no clear evidence of the predominance of prevent-
ability or treatability (e.g. ischaemic heart disease,
stroke and diabetes), the causes were divided equally
between the two categories to avoid double counting
the same cause of death in both lists. The age thresh-
old for premature (avoidable) mortality is 74 years for
all causes [10].

Variables and indicators

The primary indicators analyzed were the age-stand-
ardized avoidable, preventable and treatable mortal-
ity rates per 100,000 population, standardized to the
2013 European Standard Population. COVID-19-re-
lated deaths (ICD-10 U07.1- U07.2) were removed
to ensure that variations in avoidable mortality were
not confounded by the uneven impact of the pan-
demic across member states. Data were reported by
EU member state (EU-27), sex (male, female), cat-
egory (preventable, treatable, avoidable) and lead-
ing causes (cancer, cardiovascular diseases, injuries,
alcohol- and drug related deaths, respiratory diseases,
endocrine and metabolic diseases, others — based on
OECD/Eurostat list [10]).

Statistical analysis

Tables and figures were created to summarize and
illustrate avoidable, treatable and preventable mor-
tality rates by country, differences between male and
female avoidable mortality rates, and leading causes
of avoidable mortality in EU member states.

To explore patterns in avoidable mortality profiles
across the European Union, two complementary clus-
ter analyses were performed. The first one aimed to
reflect the magnitude and structural balance of avoid-
able mortality burdens. Four standardized variables
were used: (1) the age-standardized preventable mor-
tality rate, (2) the age-standardized treatable mortality
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rate, (3) the preventable-to-treatable mortality ratio,
and (4) the male-to-female avoidable mortality rate
ratio. Each variable was standardized (z-scores)
prior to analysis to ensure comparability. The sec-
ond analysis used the compositional distribution of
causes of avoidable mortality, providing insight into
the underlying epidemiological profile of each coun-
try. Variables used in the second cluster analysis were
the percentages of the various subcategories (cancer,
cardiovascular diseases, injuries, alcohol- and drug
related deaths, respiratory diseases, endocrine and
metabolic diseases, others) of avoidable mortality
within each member state. Hierarchical cluster analy-
ses using Ward’s method and squared Euclidean dis-
tance were employed to identify groups of countries
with similar avoidable mortality profiles. The num-
ber of clusters was determined by visually inspecting
the dendrograms and the agglomeration schedules.
A marked increase in the fusion coefficient at the
final stage supported a three-cluster solution for both
analyses. Between-group differences were assessed
with Kruskal-Wallis H test. Pairwise post-hoc com-
parisons were performed using the Mann—Whitney
U test with Bonferroni correction. The cluster maps
were generated in Flourish Studio (https://app.flour
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ish.studio/). Finally, Adjusted Rand Index (ARI) and
Normalized Mutual Information (NMI) were calcu-
lated to measure similarity between the two cluster-
ings. All statistical analyses were performed using
IBM SPSS Statistics version 30.0.0.0, except for ARI
and NMI which was calculated in STATA version
17.0.

Results

Avoidable, preventable and treatable mortality by
country

The total avoidable mortality rate in the EU was
241.3 per 100,000 people excluding deaths related to
COVID-19 pandemic in 2022. Italy, Sweden and Lux-
embourg had the lowest rates with 160.7, 163.0, and
170.9 per 100,000 people, respectively. The countries
with the highest rates were Latvia, Romania, and
Hungary experiencing rates approximately double of
the EU average: 519.7, 467.7, and 483.3 per 100,000
people respectively. Figure 1 demonstrates the avoid-
able mortality rates by country.
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Fig. 1 Avoidable mortality rates (without COVID-19 related deaths) in the EU by country in 2022
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Figure 2 demonstrates preventable and treatable
mortality rates by country. Total preventable mor-
tality rate in the EU was 151.6 per 100,000 people
excluding deaths related to COVID-19 in 2022.
Italy, Cyprus, and Sweden experienced the lowest
rates of preventable deaths with 97.3, 102.4, and
103.8 per 100,000 people respectively. The high-
est rates occurred in Latvia, Hungary, and Lithu-
ania with approximately double of the EU average
again: 319.0, 304.9, and 238.1 per 100,000 people
respectively. The average treatable mortality rate
in the EU was 89.7 per 100,000 people. The coun-
tries with the lowest mortality rates were Sweden,
the Netherlands, and France with 59.2, 59.2, and
59.4 per 100,000 people, respectively. Romania,
Latvia, and Bulgaria had the highest treatable mor-
tality rates at 215.0, 200.7, and 194.1 per 100,000
people respectively, more than twice the EU aver-
age. Preventable mortality rates were higher than
treatable mortality rates in all countries. The ratio
of preventable-to-treatable mortality rates varied
across the EU: Bulgaria, Malta, and Slovakia had
relatively similar rates of preventable and treatable
mortality (ratios of 1.15, 1.26, 1.27, respectively),
while Slovenia, Belgium, and Denmark experienced
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the greatest relative difference (ratios of 2.42, 2.25,
2.21, respectively).

Sex differences in avoidable mortality

Average avoidable mortality rates in the EU for males
and females were 329.8 and 160.3 per 100,000 peo-
ple, meaning that males experienced a 2.06 higher
avoidable mortality rate (Fig. 3). Sweden, the Neth-
erlands, and Italy showed the lowest avoidable mor-
tality rates for males: 198.1, 209.7, and 211.1 per
100,000 people, respectively. The countries with the
highest rates for males were Latvia, Lithuania, and
Romania having approximately four times higher
rates than the previous countries: 822.1, 736.4, and
734.2 per 100,000 people, respectively. For females,
Spain, Cyprus, and Italy had the lowest rates of
avoidable mortality with 107.9, 111.9, and 114.1 per
100,000 people respectively. The highest avoidable
mortality rates occurred in Hungary, Romania, and
Latvia: 315.2, 297.2, and 289.9 per 100,000 people.
The avoidable mortality rate was consistently higher
for males than for females in all EU countries. The
smallest inequalities were experienced in the Nether-
lands, Sweden, and Denmark (ratios: 1.35, 1.55, 1.59,
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Fig. 2 Preventable (without COVID-19 related deaths) and treatable mortality rates in the EU by country in 2022
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by country in 2022

respectively), while the highest inequalities in Esto-
nia, Latvia, and Lithuania (ratios: 2.86, 2.84, 2.82,
respectively).

Main causes of avoidable mortality

The most common cause of avoidable mortality was
cancer (82.8 per 100,000 people; 34.3%) in the EU
in 2022. It was followed by cardiovascular diseases
(69.8 per 100,000 people; 28.9%), injuries (24.9 per
100,000 people; 10.3%), alcohol- and drug-related
deaths (21.0 per 100,000 people; 8.7%), respira-
tory diseases (19.5 per 100,000 people; 8.1%), and
endocrine diseases (7.9 per 100,000 people; 3.3%).
However, this order was not consistent across all EU
member states. Cardiovascular disease was the most
common cause of avoidable mortality in Bulgaria, the
Czechia, Estonia, Finland, Hungary, Latvia, Lithu-
ania, Poland, Romania, and Slovakia (Fig. 4).

Sex specific differences could be observed in main
causes of avoidable mortality. The most common
cause was cardiovascular diseases (102.2 per 100,000
people) in the EU in 2022 among males. Cancer
was the second most common cause with 98.9 per
100,000 people. Other causes followed the same order

@ Springer

as in the total population (injuries: 39.4 per 100,000;
alcohol and drugs: 32.3 per 100,000; respiratory: 26.2
per 100,000; endocrine: 10.8 per 100,000). Neverthe-
less, in approximately one-third of countries (Austria,
Belgium, Denmark, France, Italy, Luxembourg, the
Netherlands, Portugal, Slovenia, and Spain), can-
cer accounted for the largest share of cause-specific
avoidable mortality among males (Fig. 5).

As for females, the most common cause of avoid-
able mortality was cancer (68.9 per 100,000 peo-
ple) followed by cardiovascular diseases (40.4 per
100,000 people) in the EU. Cardiovascular diseases
accounted for the largest share only in Bulgaria, Hun-
gary, Latvia, Lithuania, and Romania. Respiratory
diseases occurred as the third most common cause in
the EU (13.5 per 100,000 people) followed by inju-
ries (10.9 per 100,000 people), alcohol and drugs
(10.3 per 100,000 people) and endocrine diseases (5.2
per 100,000 people) (Fig. 6).

Cluster analysis based on avoidable mortality
indicators

Using four standardized indicators (preventable mortal-
ity rate, treatable mortality rate, preventable-to-treatable
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and Sweden. They were characterized by lower prevent-
able and treatable mortality rates compared to the other
two groups, as well as relatively balanced sex ratios.
This represented the most favorable profile in terms of
avoidable mortality. However, they also represented

countries with a higher preventable-to-treatable mortal-
ity ratio indicating potential delays or gaps in preventive
services despite lower treatable mortality rates. Cluster
2 comprised Cyprus, Greece, Italy, Malta, Portugal, and
Spain. They showed moderate values for the mortality

Table 1 Characteristics of clusters based on avoidable mortality indicators

Preventable mortality rate*
(per 100,000 people)

Treatable mortality rate* Preventable-to-  Male-to-female ratio*
(per 100,000 people)

treatable ratio*

Cluster 1

(Western/Northern)

Cluster 2
(Mediterranean)

Cluster 3
(Central/Eastern)

P-values of Kruskal-Wallis test
Pairwise comparisons (p-value

of

Mann-Whitney U¥)

Clvs.C2
Clvs.C3
C2vs C3

0.035
<0.001
0.001

<0.001

134.4 (122.3—146.4)

111.6 (99.3—124.0)

250.9 (218.9—282.9)

65.7 (60.7—70.6)

73.8 (62.8—84.7)

2.05 (1.90—2.20) 1.81 (1.62—2.00)

1.53 (1.34—1.72) 2.16 (1.93—2.40)

166.1 (141.0—191.1) 154 (1.37—1.71) 2.51 (2.33—2.68)

<0.001 <0.001 <0.001
0.070 0.002 0.035
<0.001 <0.001 <0.001
0.001 0.664 0.017

*Data are presented as mean (95% confidence interval)

§Significance level adjusted to a=0.017 using Bonferroni correction
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indicators, with relatively low preventable-to-treatable
mortality ratios. Their male-to-female mortality ratio
was high, pointing to significant sex differences. Clus-
ter 3 included Bulgaria, Croatia, Czechia, Estonia,
Hungary, Latvia, Lithuania, Poland, Romania, and
Slovakia. They showed the highest burden of both pre-
ventable and treatable mortality, reflecting significant
health challenges. The preventable-to-treatable mortal-
ity ratio was lower than in Cluster 1, but male-to-female
mortality gap was the highest in this cluster, highlight-
ing marked sex inequalities in health. This classifica-
tion also revealed regional patterns, with Western and
Northern countries predominantly in Cluster 1, Medi-
terranean countries in Cluster 2, and Central and East-
ern European (post-socialist) countries in Cluster 3.

Cluster analysis based on the cause-specific
composition of avoidable mortality

A second cluster analysis was conducted using the
percentage distribution of causes of avoidable mortal-
ity. Details are presented in Table 2. Cluster 1 (Aus-
tria, Croatia, Cyprus, Czechia, Germany, Greece,
Malta, Poland, Sweden) displayed a balanced distri-
bution of cardiovascular and cancer-related avoidable
mortality. They also experienced higher mortality

of endocrine and metabolic causes compared to the
other clusters. Cluster 2 (Belgium, Denmark, France,
Ireland, Italy, Luxembourg, the Netherlands, Portu-
gal, Slovenia, Spain) was characterized by high rates
of cancer-related avoidable mortality, alongside rela-
tively high rates of injury-related deaths. Cardiovas-
cular mortality was comparatively low in this cluster.
Cluster 3 (Bulgaria, Estonia, Finland, Hungary, Lat-
via, Lithuania, Romania, Slovakia) was characterized
by high proportions of cardiovascular and alcohol-
related mortality, which is indicative of structural
health challenges and behavioral risk factors.

Figure 7 demonstrates the maps of the two cluster
analyses. Similarity of the two clusterings were mod-
erate based on ARI (0.211) and NMI (0.337).

Discussion

This study describes avoidable mortality in the EU
countries in 2022 excluding deaths attributed to
COVID-19. We analyzed preventable and treatable
mortality rates, the ratio to each other, as well as
the male-to-female ratio of avoidable mortality rates
ratio as well. Then, we used two complementary
hierarchical cluster analyses to explore patterns of

Table 2 Characteristics of clusters based on the cause-specific composition of avoidable mortality

Cancer* Cardiovascular®*  Injuries® Alcohol and Respiratory* (%) Endocrine* (%) Other*
(%) (%) (%) drugs* (%) (%)
Cluster 1 32.6 294 10.0 8.4 7.8 5.2 6.5
(30.8—34.4) (27.7—31.1.) 9.1—10.9) (5.9—10.9) (6.4—9.3) (3.6—6.9) (5.5—17.5)
Cluster 2 40.2 21.9 11.9 8.4 8.3 2.9 6.5
(37.9—42.6) (19.6—24.2) (9.9—13.8) (6.1—10.8) (5.7—10.6) (2.2—3.6) (5.4—17.6)
Cluster 3 24.3 40.3 9.4 11.5 6.5 24 5.5
(21.6—27.0) (35.3—45.3) (7.8—11.0) (7.8—15.3) (4.4—-8.6) (1.9—-2.9) (4.5—6.5)
P-values of <0.001 <0.001 0.132 0.331 0.353 <0.001 0.356
Kruskal-Wallis
test
Pairwise
comparisons
(p-values of
Mann—Whitney
3R]
Clvs.C2 0.001 <0.001 0.501 0.386 0.211 <0.001 0.248
Clvs.C3 <0.001 <0.001 0.102 0.806 0.806 0.003 0.935
C2vsC3 <0.001 <0.001 0.091 0.110 0.214 0.480 0.183

*Data are presented as mean (95% confidence interval)

§Significance level adjusted to «=0.017 using Bonferroni correction
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Cluster 1 @Cluster 2 @Cluster 3

Fig. 7 Classification of countries based on avoidable mortality indicators (A) and cause-specific composition of avoidable mortality

B)

avoidable mortality across the 27 EU member states
in 2022.

The first analysis which was based on standard-
ized indicators of preventable and treatable mortal-
ity, and their respective ratio, as well as the male-
to-female avoidable mortality ratio, identified three
clusters broadly corresponding to Western/Northern
Europe (Cluster 1: low overall avoidable mortality
and balanced sex gaps), Southern Europe (Cluster 2:
low-to-moderate overall mortality but elevated pre-
ventable-to-treatable ratios and sex disparities, and
Central/Eastern Europe (Cluster 3: high preventable
and treatable mortality with pronounced male disad-
vantage. The second analysis which was based on the
percentage distribution of causes of avoidable deaths
also yielded three clusters: one with a mixed burden
(balanced shares of cancer, cardiovascular, and other
causes), one dominated by cardiovascular and sub-
stance-related deaths, and one dominated by cancer
and injury-related mortality.

Although the two cluster analyses were based on
different metrics, certain patterns of alignment and
divergence emerged. Many Central and Eastern Euro-
pean countries (Bulgaria, Estonia, Hungary, Latvia,
Lithuania, Romania, and Slovakia) were consist-
ently classified in Cluster 3, highlighting both high
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mortality levels and a cause distribution often domi-
nated by preventable deaths. This pattern suggests the
coexistence of insufficient public health interventions
targeting primary prevention and severe limitations in
timely and/or effective healthcare. The prominence
of cardiovascular and alcohol-related causes in the
cause-based clusters supports this interpretation. Sus-
tained population-level control of risk factors (such as
hypertension, tobacco use, diet and alcohol consump-
tion) and improvements across the continuum of care,
from primary prevention to acute cardiac services are
required to decrease not only cardiovascular mortal-
ity, but also cancer- and alcohol-related mortality
[25-27].

These countries also exhibited a high male-to-
female ratio of avoidable mortality rates. Although
the underlying drivers were not investigated in our
study, however, evidence shows that male populations
in these regions have substantially higher prevalence
of behavioral risk factors (e.g., smoking, alcohol
consumption, unhealthy diet) [28-30]. These factors
likely contribute to the high preventable mortality
rates, and specifically to the dominance of avoidable
cardiovascular and alcohol-related mortality [30-32],
as observed in Cluster 3 of the second cluster analy-
sis. However, it is also worth noting that smoking
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prevalence among women has been rising in several
countries, warranting special attention in future pub-
lic health strategies [33].

Several countries, including Austria, Germany,
and Sweden, consistently appeared in Cluster 1 in
both analyses, suggesting that they have both favora-
ble mortality levels and a typical cause distribution.
Italy, Spain, Portugal were placed in Cluster 2 in both
analyses, representing favorable avoidable mortality
levels with cancer-related cause dominance in this
region. This pattern is typically observed in high-
income countries, reflecting successes in cardiovas-
cular disease prevention, thereby shifting the relative
burden towards cancers [34]. High cancer shares may
reflect aging-related cancer incidence, lifestyle expo-
sures, and remaining challenges in early detection
[35-38].

Finland presented a favorable overall avoid-
able mortality pattern (belonging to Cluster 1 in the
first cluster analysis) but the cause-specific analysis
revealed cardiovascular, alcohol- and drug-related
causes to be the main ones, similarly to Central and
Eastern European countries. This reflects the histori-
cal cardiovascular burden, which has declined, but
still shapes the distribution of causes [39].

Countries such as Belgium, Denmark, France,
Luxembourg, the Netherlands, and Slovenia were in
Cluster 1 based on avoidable mortality indicators but
were classified into Cluster 2 in the cause-based anal-
ysis. This indicates that their favorable overall mortal-
ity rates are associated with high proportion of can-
cer related avoidable mortality. Cyprus, Greece and
Malta had an equal distribution of preventable and
treatable mortality, and also cancer and cardiovascu-
lar deaths, but with sex inequalities. Croatia, Czechia,
Poland experienced a high rate of avoidable mortality,
but in cause specific pattern they are becoming simi-
lar to western countries.

Overall, while the clusters do not align perfectly,
the two approaches complement each other. The first
approach identifies countries with similar levels and
patterns of avoidable mortality, while the second
approach highlights similarities in the composition
of health threats. Their combination offers a more
nuanced understanding of regional health profiles
within the European Union.

Our findings align with earlier work document-
ing persistent East-West mortality gradients in
Europe [40], driven by cardiovascular diseases and

alcohol-related harm in post-socialist states [41], and
with studies showing that Western Europe has shifted
toward a cancer-dominant avoidable mortality pat-
tern as cardiovascular deaths decline [42]. The large
male-to-female avoidable mortality ratios in Central/
Eastern and Southern clusters echo the sex disparities
reported by previous studies [43].

The divergent profiles identified in our study call
for tailored public health strategies. Western Euro-
pean countries should consolidate gains by focusing
on emerging challenges, such as cancer screening
uptake, injury prevention, and addressing residual sex
gaps. Eastern European countries require intensified
primary prevention of cardiovascular and substance-
related risks (e.g., harmonized alcohol policies,
tobacco taxes) alongside strengthening healthcare
access and quality for treatable conditions, especially
among men. Southern countries would benefit from
reinforcing preventive services particularly target-
ing modifiable risk factors and ensuring equitable
healthcare utilization to close sex differentials. Cross-
cluster learning platforms within the EU could facili-
tate exchange of best practices, for instance, adapting
Nordic alcohol-harm reduction strategies or Medi-
terranean lifestyle promotion in Central and Eastern
Europe [44]. Furthermore, injuries being the third
most common cause of avoidable mortality in the EU,
highlights the need for injury prevention, especially
in aging populations [45].

Strengths and limitations

A major strength is the use of two orthogonal cluster-
ing approaches that together offer a nuanced portrait
of avoidable mortality. The analyses rely on harmo-
nized, age-standardized Eurostat data, ensuring com-
parability. However, limitations include the ecologi-
cal design, which precludes causal inference at the
individual level, and potential misclassification in
cause-of-death registration. Although we excluded
deaths directly attributed to COVID-19, indirect pan-
demic effects, such as delayed care, reduced screen-
ing uptake, elective surgery backlogs, and increases
in mental-health and substance-use problems, may
have influenced avoidable mortality in 2022. Further-
more, the cross-sectional design of our study does not
allow us to examine temporal changes in avoidable
mortality patterns. The use of cause-specific shares in
the second cluster analysis allowed us to characterize
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the epidemiological composition of avoidable mor-
tality independently of its total level. Although
this approach is informative, future research could
enhance robustness by applying log-ratio transfor-
mations or alternative compositional clustering tech-
niques, which would help to address the inherent
constraints of compositional data. Finally, cluster-
ing results depend on methodological choices (e.g.,
Ward’s method, number of clusters), though conver-
gence across analyses supports robustness.

Conclusions

This study demonstrates that avoidable mortality
in the EU exhibits distinct regional patterns, both in
overall burden and in underlying cause structure. Rec-
ognizing these patterns is crucial for designing tar-
geted interventions that can most effectively reduce
premature deaths and promote healthy aging. Our
findings highlight clear priorities for action, includ-
ing strengthening preventive and screening services,
reducing sex disparities in healthcare use, and foster-
ing cross-country exchange of effective public-health
strategies. Implementing these targeted measures
may help accelerate progress toward reducing avoid-
able mortality across the EU. Future research should
explore temporal trends to assess whether clusters
are converging and evaluate which policy measures
most effectively shift countries toward lower mortal-
ity profiles. Reducing avoidable mortality is not only
a benchmark of healthcare performance but also a
cornerstone of Europe’s healthy aging agenda. In
alignment with the WHO Decade of Healthy Ageing
(2021-2030), our findings support the adaptation of
national and EU-level strategies that address the deter-
minants of avoidable mortality—including cardio-
vascular, cancer, and alcohol-related risks—through
integrated prevention and equitable access to care.
Strengthening the synergy between WHO initiatives
and EU frameworks could accelerate progress toward
reducing avoidable deaths, closing the East—West
health divide, and fostering equitable longevity across
generations in Europe. In this context, collaborative
networks such as the WHO Collaborating Centre on
Healthy Ageing and the European Public Health Asso-
ciation (EUPHA) can play pivotal roles in translat-
ing scientific evidence into coordinated public health
action. By harmonizing national strategies, facilitating

@ Springer

knowledge exchange, and promoting coherent, cross-
border policies, these networks support the shared
vision of enabling all Europeans to live longer, health-
ier, and more equitable lives.
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